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1
DUOBINARY VOLTAGE-MODE
TRANSMITTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a communication
system, and more particularly to a duobinary voltage-mode
(VM) transmitter.

2. Description of Related Art

FIG. 1 shows ablock diagram of a wireline communication
system 100 for transmitting and receiving data. Data are
converted to a serial data stream by a serializer (SER) 11 to
facilitate transmission over a single or a pair of differential
lines. Transmit equalization is performed by a finite-impulse-
response (FIR) filter 12, followed by a driver 13. Data are
transmitted over a channel 14 such as a single or a pair of
differential lines, and is received and processed by an equal-
izer (EQ) 15 to reduce intersymbol interference (ISI). The
received data stream is then processed by a clock and data
recovery (CDR) 16, followed by a deserializer (DES) 17
which converts the data stream into a parallel data format.

Power consumption and impedance match are two of cru-
cial issues in designing a transmitter of a wireline communi-
cation system 100. “Digital Link Pre-emphasis with Dynamic
Driver Impedance Modulation,” entitled to Ranko Sredojevic
et al., IEEE ISSCC 2010, the disclosure of which is incorpo-
rated herein by reference, discloses a digital push-pull imped-
ance-modulating (RM) pre-emphasis driver to overcome the
power overhead of equalization in voltage-mode (VM) driv-
ers, improving the output stage efficiency. In the disclosure,
differential path with impedance is shorted when data pattern
is“11111...70r“00000. ..” Thereis no short circuit current,
and consumed power is almost the same. However, there is
still some room to improve regarding power consumption.

“Fully Digital Transmit Equalizer With Dynamic Imped-
ance Modulation,” entitled to Ranko Sredojevic et al., IEEE
JSSC 2011, the disclosure of which is incorporated herein by
reference, discloses a digital push-pull impedance-modulat-
ing (RM) driver. In the disclosure, impedance is increased to
reduce the power consumption when data pattern is
“I1111 ...~ or “00000 . . . ” According to the disclosure,
voltage-mode (VM) power is different for different output
voltage, however, with bad impedance match.

For the reason that conventional transmitters could not
effectively reduce power consumption and improve imped-
ance match, a need has arisen to propose a novel transmitter to
overcome disadvantages of the conventional transmitters.

SUMMARY OF THE INVENTION

In view of'the foregoing, it is an object of the embodiment
of'the present invention to provide a duobinary voltage-mode
(VM) transmitter in which a driver may be turned off to
substantially reduce average power consumption with an
improved impedance match when a duobinary signal thereof
has an intermediate level.

According to one embodiment, a duobinary voltage-mode
transmitter includes a first branch, a second branch and a first
match circuit. The first branch includes a first logic circuit and
a first driver. The first logic circuit is coupled to receive
non-return-to-zero (NRZ) signals, and configured to detect
transition between the NRZ signals. The first driver is con-
trolled by at least one output of the first logic circuit, thereby
generating a duobinary signal. The second branch includes a
second logic circuit and a second driver. The second logic
circuit is coupled to receive complementary NRZ signals
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2

being complement to the NRZ signals received by the first
logic circuit, and configured to detect transition between the
complementary NRZ signals. The second driver is controlled
by at least one output of the second logic circuit. The first
match circuit has two ends coupled between output nodes of
the first driver and the second driver, respectively, the first
match circuit being switchable by an output of the first or
second logic circuit. When a transition occurs between the
NRZ signals, the first match circuit is switched on such that
the two ends of the first match circuit are electrically coupled
between the output nodes of the first driver and the second
driver, respectively, and the first driver and the second driver
are turned off.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram ofa wireline communication
system for transmitting and receiving data;

FIG. 2 shows a block diagram illustrated of a duobinary
voltage-mode (VM) transmitter according to one embodi-
ment of the present invention;

FIG. 3 shows an exemplary timing diagram illustrated of
NRZ signals and associated duobinary signals;

FIG. 4A and FIG. 4B exemplify the duobinary VM trans-
mitter of FIG. 2;

FIG. 5A shows a circuit diagram illustrating a portion of
the transmitter of FIG. 2;

FIG. 5B shows a circuit diagram of the first logic circuit of
FIG. 2;

FIG. 6 shows a block diagram illustrated of a duobinary
voltage-mode (VM) transmitter with pre-emphasis according
to another embodiment of the present invention;

FIG. 7A through FIG. 7D exemplify the duobinary VM
transmitter of FIG. 6;

FIG. 8A shows a circuit diagram illustrating a portion of
the transmitter of FIG. 6; and

FIG. 8B shows a circuit diagram of the first logic circuit of
FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 2 shows a block diagram illustrated of a duobinary
voltage-mode (VM) transmitter (transmitter hereinafter) 200
according to one embodiment of the present invention. The
transmitter 200 of the embodiment includes two branches—a
first branch 21 and a second branch 22. In the first branch 21,
a first non-return-to-zero (NRZ) generator 211 generates a
NRZ signal conforming to a 2-level NRZ code format, that is,
a binary code in which, for example, “1” is represented by a
positive voltage and “0” is represented by a negative voltage
(or ground), with no other neutral or rest condition. Similarly,
in the second branch 22, a second NRZ generator 221 gener-
ates a NRZ signal (conforming to the 2-level NRZ code
format) that is complement to the generated NRZ signal from
the first NRZ generator 211.

The first branch 21 includes a first logic circuit 212 coupled
to receive the NRZ signals generated from the first NRZ
generator 211, and configured to detect transition between the
NRZ signals, resulting in outputs for controlling the follow-
ing circuitry. The NRZ signals received by the first logic
circuit 212 may include a present NRZ signal and at least one
preceding (or delayed) NRZ signal. Similarly, the second
branch 22 includes a second logic circuit 222 coupled to
receive the NRZ signals generated from the second NRZ
generator 221, and configured to detect transition between the
NRZ signals, resulting in outputs for controlling the follow-
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ing circuitry. The NRZ signals received by the second logic
circuit 222 may include a present NRZ signal and at least one
preceding NRZ signal.

As shown in FIG. 2, the first branch 21 may further include
a first driver (also called main tap) 213 that receives the NRZ
signal and operates under control of the outputs of the first
logic circuit 212, thereby generating a duobinary (“duo” for
short) signal that has 3 possible levels—“0, “1” and “2”. For
example, “2” is represented by a positive voltage, “0” is
represented by a negative voltage (or ground), and “1” is
represented by an in-between voltage. Specifically speaking,
in case of a transition between the NRZ signals, for example,
from “1” to “0” or from “0” to “1”, the first driver 213
generates a duobinary signal “1”; otherwise, the first driver
213 generates a duobinary signal “2” when the NRZ signal is
“1” or generates a duobinary signal “0” when the NRZ signal
is “0”. FIG. 3 shows an exemplary timing diagram illustrated
of'the NRZ signals and associated duobinary signals. Details
of data format of the duobinary signal may be referred to
“Design and Comparison of Three 20-Gb/s Backplane Trans-
ceivers for Duobinary, PAM4, and NRZ Data,” entitled to Jri
Lee et al., IEEE JSSC 2008, the disclosure of which is incor-
porated herein by reference. Similarly, the second branch 22
may further include a second driver (also called main tap) 223
that receives the NRZ signal and operates under control of the
outputs of the second logic circuit 222, thereby generating a
duobinary signal.

A first match circuit 23 having two ends electrically
coupled between output nodes of the first and second drivers
213 and 223, respectively. The first match circuit 23 may be
schematically represented by a first match resistor R1, a sec-
ond match resistor R2 and a first switch SW1 connected in
series. When the first switch SW1 is closed, the first resistor
R1 and the second resistor R2 collectively have a resistance
being substantially approximate to an impedance of a trans-
mission channel 24 such that a proper impedance match may
be achieved.

According to one aspect of the embodiment, when a tran-
sition occurs between the NRZ signals (i.e., between a present
NRZ signal and a preceding NRZ signal) or, equivalently
speaking, the duobinary signal has an intermediate level (i.e.,
“1”) in a present period, the first switch SW1 is closed and the
first and second drivers 213 and 223 may be turned off (as
illustrated in periods 31, 32 and 33 in FIG. 3) to save power
consumption. Otherwise, the first switch SW1 is open and the
first and second drivers 213 and 223 may be turned on. FIG.
4A exemplifies the duobinary VM transmitter 200 of FIG. 2
when the first switch SW1 is open with the first and second
drivers 213 and 223 being turned on, as no transition occurs in
the present period. FIG. 4B exemplifies the duobinary VM
transmitter 200 of FIG. 2 when the first switch SW1 is closed
with the first and second drivers 213 and 223 being turned off
denoted by dotted lines, as a transition occurs in the present
period.

FIG. 5A shows a circuit diagram illustrating a portion of
the transmitter 200 of FIG. 2, and FIG. 5B shows a circuit
diagram of the first logic circuit 212 of FIG. 2. In the embodi-
ment, the first driver 213 includes a first transistor M1 (e.g., an
N-type transistor) and a second transistor M2 (e.g., an N-type
transistor) connected in series between a power supply and
ground. A source of the first transistor M1 is electrically
coupled with a drain of the second transistor M2. The first
logic circuit 212 (FIG. 5B) receives a present NRZ signal
X[n] and a preceding NRZ signal X[n-1], and accordingly
generates a first output signal Y[n] and a second output signal
Yb|[n] for controlling gates of the first and second transistors
M1 and M2, respectively. The first logic circuit 212 also
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4

generates a third output signal G[n] for controlling the first
switch SW1 according to the present NRZ signal X[n] and the
preceding NRZ signal X[n-1].

FIG. 6 shows a block diagram illustrated of a duobinary
voltage-mode (VM) transmitter with equalization (transmit-
ter hereinafter) 600 according to another embodiment of the
present invention. The transmitter 600 (FIG. 6) is similar to
the transmitter 200 (FIG. 2) in architecture, and the same
composing elements are thus denoted by the same numerals
or symbols. The transmitter 600, in addition, includes a first
delay element 214 followed by a third driver (also called a
post tag) 215 (connected in series to the first delay element
214) in the first branch 21. The first delay element 214 has a
delay time of bit period. The third driver 215 is associated
with the equalization (EQ), and may be called an EQ driver.
The series-connected first delay element 214 and the third
driver 215 collectively are connected with the first driver 213
in parallel. Although only a single EQ driver 215 is illustrated,
it is noted that more than one EQ driver may be adopted, each
being associated with different delay element with different
delay time.

Similarly, the transmitter 600 further includes a second
delay element 224 followed by a fourth driver (also called a
post tag) 225 (connected in series to the first delay element
214) in the second branch 22. The second delay element 224
has a delay time of bit period. The fourth driver 225 is asso-
ciated with the equalization (EQ), and may be called an EQ
driver. The series-connected second delay element 224 and
the fourth driver 225 collectively are connected with the
second driver 223 in parallel. Although only a single EQ
driver 225 is illustrated, it is noted that more than one EQ
driver may be adopted, each being associated with different
delay element with different delay time.

The transmitter 600 further includes a second match circuit
25, which is similar to the first match circuit 23, having two
ends electrically coupled between output nodes of the first
and second drivers 213 and 223, respectively. The second
match circuit 25 is associated with the equalization (EQ), may
be schematically represented by a third match resistor R3, a
fourth match resistor R4 and a second switch SW2 connected
in series. Although only a single second match circuit 25 is
illustrated, it is noted that more than one match circuit asso-
ciated with the equalization (EQ) may be adopted. When the
second switch SW2 is closed, the third resistor R3 and the
fourth resistor R4 collectively have a resistance being sub-
stantially approximate to an impedance of a transmission
channel 24 such that a proper impedance match may be
achieved.

According to one aspect of the embodiment, the second
match circuit 25 and the associated third and fourth drivers
215 and 225 operate in a manner similar to the first match
circuit 23 and the associated first and second drivers 213 and
223, with the differences described below. When a transition
occurs between two preceding NRZ signals or, equivalently
speaking, the duobinary signal has an intermediate level (i.e.,
“1”) in a preceding period, the second switch SW2 is closed
and the third and fourth drivers 215 and 225 may be turned off
to save power consumption. Otherwise, the second switch
SW2 is open and the third and fourth drivers 215 and 225 may
be turned on.

FIG. 7A exemplifies the duobinary VM transmitter 600 of
FIG. 6 when the first and second switches SW1 and SW2 are
open with the first through fourth drivers 213, 215, 223 and
225 being turned on, as no transition occurs between the NRZ
signals in the present and delayed periods. FIG. 7B exempli-
fies the duobinary VM transmitter 600 of FIG. 6 when the first
switch SW1 is closed with the first and second driver 213 and
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223 being turned off; as a transition occurs between the NRZ
signals in the present period; the second switch SW2 is open
with the third and fourth driver 215 and 225 being turned on,
as no transition occurs between the NRZ signals in the
delayed period. FIG. 7C exemplifies the duobinary VM trans-
mitter 600 of FIG. 6 when the first and second switches SW1
and SW2 are closed with the first through fourth drivers 213,
215, 223 and 225 being turned off, as a transition occurs
between the NRZ signals in the present and delayed periods.
FIG. 7D exemplifies the duobinary VM transmitter 600 of
FIG. 6 when the first switch SW1 is open with the first and
second driver 213 and 223 being turned on, as no transition
occurs between the NRZ signals in the present period; the
second switch SW2 is closed with the third and fourth driver
215 and 225 being turned off, as a transition occurs between
the NRZ signals in the delayed period.

FIG. 8A shows a circuit diagram illustrating a portion of
the transmitter 600 of FIG. 6, and FIG. 8B shows a circuit
diagram of the first logic circuit 212 of FIG. 6. In the embodi-
ment, the first driver 213 has a circuitry being the same as in
FIG. 5A. The third driver 215 of the embodiment includes a
third transistor M3 (e.g., an N-type transistor) and a fourth
transistor M4 (e.g., an N-type transistor) connected in series
between a power supply and ground. A source of the third
transistor M3 is electrically coupled with a drain of the fourth
transistor M4. The first logic circuit 212 (FIG. 8B) receives a
present NRZ signal X[n] and a preceding NRZ signal X[n-1],
and accordingly generates a first output signal Y[n] and a
second output signal Yb[n] for controlling gates of the first
and second transistors M1 and M2, respectively. Moreover,
the first logic circuit 212 (FIG. 8B) receives a preceding NRZ
signal X[n-1]and aNRZ signal with two delay times X[n-2],
and accordingly generates a fourth output signal Y[n-1] and
a fifth output signal Yb[n-1] for controlling gates of the third
and fourth transistors M3 and M4, respectively. The first logic
circuit 212 also generates sixth output signal G[n-1] for
controlling the second switch SW2 according to the preced-
ing NRZ signal X[n-1] and the NRZ signal with two delay
times X[n-2].

Although specific embodiments have been illustrated and
described, it will be appreciated by those skilled in the art that
various modifications may be made without departing from
the scope of the present invention, which is intended to be
limited solely by the appended claims.

What is claimed is:

1. A duobinary voltage-mode transmitter, comprising:

a first branch including:

afirst logic circuit coupled to receive non-return-to-zero
(NRZ) signals, and configured to detect transition
between the NRZ signals;

a first driver controlled by at least one output of the first
logic circuit, thereby generating a duobinary signal;

a second branch including:

a second logic circuit coupled to receive complementary
NRZ signals being complement to the NRZ signals
received by the first logic circuit, and configured to
detect transition between the complementary NRZ
signals;

a second driver controlled by at least one output of the
second logic circuit;

a first match circuit having two ends coupled between
output nodes of the first driver and the second driver,
respectively, the first match circuit being switchable by
an output of the first or second logic circuit;

when a transition occurs between the NRZ signals, the first
match circuit is switched on such that the two ends of the
first match circuit are electrically coupled between the
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6

output nodes of the first driver and the second driver,
respectively, and the first driver and the second driver are
turned off.

2. The transmitter of claim 1, wherein the NRZ signals
received by the first logic circuit or the second logic circuit
comprise a present NRZ signal and at least one preceding
NRZ signal.

3. The transmitter of claim 1, wherein the duobinary signal
has three possible levels—“0”, “1” and “2”, where “2” is
represented by a positive voltage, “0” is represented by a
negative voltage or ground, and “1” is represented by an
in-between voltage.

4. The transmitter of claim 3, wherein the first driver and
the second driver generate a duobinary signal “1” when a
transition occurs between the NRZ signals; otherwise, the
first driver and the second driver generate a duobinary signal
“2”when a present NRZ signal is “1”, or generate a duobinary
signal “0” when a present NRZ signal is “0”.

5. The transmitter of claim 1, wherein the first match circuit
comprises a first match resistor, a second match resistor and a
first switch connected in series.

6. The transmitter of claim 5, when the first switch is
closed, the first resistor and the second resistor collectively
have a resistance being substantially matched to an imped-
ance of a transmission channel.

7. The transmitter of claim 5, wherein the first switch is
closed when a transition occurs between the NRZ signals.

8. The transmitter of claim 5, wherein the first driver or the
second driver comprises a first transistor and a second tran-
sistor connected in series between a power supply and
ground.

9. The transmitter of claim 8, wherein a source of the first
transistor is electrically coupled with a drain of the second
transistor.

10. The transmitter of claim 9, wherein the first logic circuit
receives a present NRZ signal and a preceding NRZ signal,
and accordingly generates a first output signal and a second
output signal for controlling gates of the first and second
transistors, respectively; and the first logic circuit generates a
third output signal for controlling the first switch according to
the present NRZ signal and the preceding NRZ signal.

11. The transmitter of claim 1, further comprising:

a first delay element;

a third driver connected in series behind the first delay
element, the series-connected first delay element and the
third driver collectively being connected with the first
driver in parallel;

a second delay element;

a fourth driver connected in series behind the second delay
element, the series-connected second delay element and
the fourth driver collectively being connected with the
second driver in parallel; and

a second match circuit being connected with the first match
circuit in parallel;

when a transition occurs between two preceding NRZ sig-
nals, the second match circuit being switched on such
that two ends of the second match circuit are electrically
coupled between the output nodes of the third driver and
the fourth driver, respectively, and the third driver and
the fourth driver are turned off.

12. The transmitter of claim 11, wherein the second match
circuit comprises a third match resistor, a fourth match resis-
tor and a second switch connected in series.

13. The transmitter of claim 12, when the second switch is
closed, the third resistor and the fourth resistor collectively
have a resistance being substantially matched to an imped-
ance of a transmission channel.
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14. The transmitter of claim 12, wherein the second switch
is closed when a transition occurs between the two preceding
NRZ signals.

15. The transmitter of claim 12, wherein the third driver or
the fourth driver comprises a third transistor and a fourth 5
transistor connected in series between a power supply and
ground.

16. The transmitter of claim 15, wherein a source of the
third transistor is electrically coupled with a drain of the
fourth transistor. 10

17. The transmitter of claim 16, wherein the first logic
circuit receives a preceding NRZ signal and a NRZ signal
with two delay times, and accordingly generates a fourth
output signal and a fifth output signal for controlling gates of
the third and fourth transistors, respectively; and the firstlogic 15
circuit generates a sixth output signal for controlling the
second switch according to the preceding NRZ signal and the
NRZ signal with two delay times.
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